The purpose of this study was to evaluate embryo production and embryonic quality of locally adapted Curraleiro Pé-duro cows, using protocols with different progesterone exposure. Cows were divided in three groups: Control, P24 and P36. All cows had the estrus previously synchronized and in the fifth day of the estrus cycle, the cows of the groups P24 and P36 received an intravaginal progesterone device and estradiol benzoate. Starting from the ninth day of the cycle, all cows received eight decreasing doses of FSH and two doses of Dcloprostenol together with the two last doses of FSH. Treatments P24 and P36 had the progesterone device removed 24 and 36 hours after the first application of D-cloprostenol, respectively. All cows received lecireline in the thirteenth day, with the inseminations accomplished 12 and 24 hours later. There was no difference (P > 0.05) for superestimulatory response among treatments. The number of total structures was greater (P < 0.05) in P24 than in the Control and the number of viable structures was greater (P < 0.05) in both P24 and P36 than in the Control. The use of exogenous progesterone in superovulation protocols improved embryo production and quality of locally adapted Curraleiro Pé-duro cows.
Introduction
In a high-production system, breeds specialized for milk and meats have been developed through extensive selection and its genetic material has been vastly widespread. In an overview, the intense selection for a small number of characteristics, and the intense use of semen from bulls with better genetic evaluation, has led to a low effective number of the population in cattle used for milk and meat, with a real risk of loss of genetic diversity (FAO, 1998; FAO, 2007) .
Animal genetic resources face a double challenge. At the same time that, the demand for animal products increases in developing countries, local breeds are rapidly disappearing throughout the world. From 1990 to 2005, 300 of more than 6000 breeds identified by FAO have been considered extinct (Cardellino, 2005) . In livestock, increasing the genetic diversity of a particular breed is as important as the diversity between breeds, so it can be possible to exchange genetic material necessary for mating and breeding programs (Andrabi and Maxwell, 2007; Hiemstra et al., 2006) .
The Curraleiro Pé-duro is a genetic group that descends from cattle brought to the Americas by the Portuguese and Spanish settlers, and has a small and decreasing population size . Raised extensively and extremely rustic this breed is very well adapted to harsh environments such as the plains of the semi-arid of the Brazilian Northeastern region (Bianchini et al., 2006; Mariante et al., 2003; Primo, 1992) . The exceptional rusticity of the Curraleiro Pé-duro breed and its ability to survive in inhospitable regions of native pastures, are two characteristics that justify their conservation. Therefore, conservation actions of these animals should include collection and cryopreservation of semen and embryos (Egito et al., 2007; Mariante and Egito, 2002; Teixeira et al., 2011) .
Programs of in vivo production of cattle embryos through ovarian superstimulation, have been widely used worldwide. This technology not only increases the number of offspring obtained from a single donor as well as can be used for mass production of embryos for cryopreservation and enrichment of germplasm banks (Hiemstra et al., 2006) .
The most commonly alternative used to synchronize follicular wave emergence for ovarian superstimulation in cows is the use of estradiol applied intramuscularly (im) at the time of the insertion of intravaginal progesterone/progestin device (Bó et al., 1996; Bó et al., 2006) , which induces the emergence of a new follicular wave (Bó et al., 2002; Bó et al., 2006; Colazo et al., 2005) .
With the use of progesterone devices in ovarian superstimulation protocols, there is a concern about the time of exposure of follicles to the hormone. Progesterone plays an important role in maintaining the pulses of luteinizing hormone (LH), which is directly related with the final maturation of the follicle and oocyte (Barros and Nogueira, 2001; Bó et al., 2006) . Hence, there are differences in the responses of production and embryo quality when the removal of progesterone device is done 24 or 36 hours after application of PGF 2a .
Since these animals exhibit characteristics of adaptability to the dry tropical climate, efforts are needed to evaluate the superstimulatory response and embryo production of bovines of the Curraleiro Pé-duro breed in order to optimize the enrichment of germplasm banks.
The purpose of this study was to evaluate the influence of different times of exposure to exogenous progesterone on superstimulatory and superovulatory responses, and embryo production and quality of cows of the Curraleiro Pé-duro breed in programs of in vivo embryo production.
Materials and Methods
The experiment was performed in Brasília -DF, Brazil (15º52' to 15º56'S and 48º00' to 48º02'W), with altitudes ranging from 1050 to 1250 m. The climate is the Koppen Aw, indicating dry winter and rainy summer.
Twelve Curraleiro Pé-duro cows were gynecologically evaluated examination by rectal palpation and ultrasonography before the start of the experiment, in order to determine their cyclicity and absence of diseases or abnormalities in their reproductive tract. The animals were maintained on pasture (Brachiaria brizantha) with mineral salt and water ad libitum.
The animals were divided into three groups: Control (estrus), P24 and P36, in an experimental design, in which all animals participated of all treatments (crossover). All treatments had a presynchronization of the estrous cycle, where D0 was considered the day of estrus. At D -10, a progesterone device was inserted (P4 -CIDR ® -Pfizer Animal Health, São Paulo-SP) and 2mg of estradiol benzoate were administered (EB -Estrogin ® -Farmavet, São Paulo-SP). In D -2, 150μg of DCloprostenol were administered (PGF2a -Veteglan ® -Hertape Calier Animal Health, Juatuba-MG) and at the subsequent removal of the progesterone device, at D -1, 1 mg of EB was administered.
In the Control group, the superstimulatory treatment was initiated in D9 with the application of 133 mg of FSHp (FolltropinV ® -Bioniche Animal Health, Belleville, Ontario, Canada) in eight decreasing doses, administered each 12 hours. Along with the sixth and seventh doses of FSHp, 150μg D-Cloprostenol was administered. Twelve hours after the eighth dosis of FSHp (D13) 75mcg of Lecirelin were administered (GnRH -Gestran ® -Tecnopec, São Paulo-SP), and the inseminations was done 12 and 24 hours later, using semen of bulls with known fertility. Embryos were collected in the afternoon of D20 (Figure 1 ).
In groups P24 and P36 progesterone device was inserted and 2mg of EB were administered at D5, while at D9 the superstimulatory treatment started (133mg FSHp in eight decreasing doses each 12 hours). Along with the fifth and sixth doses of FSHp a dosis of 150μg D-Cloprostenol were administered. Groups P24 and P36 had the device removed at 24 and 36 hours after the first application of PGF 2a , respectively. Twelve hours after the eighth dosis of FSHp (D13) 75mcg Lecirelin were administered and inseminations were performed 12 and 24 hours later, with embryos collection occurring in the afternoon of D20 ( Figure  1 ).
For the evaluation of the superstimulatory and superovulatory responses ultrasound examinations were made for counting follicles and corpus luteum. An ultrasound scanner B Aloka SSD 500Vet (Aloka CO., LTD. -Tokyo, Japan) where used with a transrectal linear transducer 7.5 MHz: at D5 for counting follicles at follicular wave emergence (follicles 3-5 mm); at D12 for counting superstimulated follicles (follicles ≥ 8 mm); at D15, for counting non-ovulated follicles (follicles > 8 mm) and at D20, for counting the number of corpus luteum before embryo collection (Figure 1) .
The embryos were collected by a non-surgical transcervical method with the aid of a Foley catheter. The uterine flush was performed with 1 liter of modified saline phosphate solution (DMPBS Flush ® -Nutricell, Campinas-SP, Brazil). After collection, the donors remained with 80-100 ml intrauterine DMPBS for 30-40 minutes for subsequent recollecting of embryos, according to a protocol by Castro Neto et al. (2005) .
The recovered embryos were evaluated using a stereoscopic microscope (Nikon SMZ645, Nikon ®, Tokyo, Japan) and classified according to the standards of the International Embryo Transfer Society (IETS, 1998), according to the stage of development (morulae, compact morulae, initial blastocyst, blastocyst, expanded blastocyst, hatching blastocyst and hatched blastocyst) and the quality (Grades 1, 2, 3, degenerated and nonfertilized ova). It was assumed that viable embryos would be those classified as grade 1, 2 and 3; freezable structures: grades 1 and 2; and unviable structures classified as degenerated or non-fertilized ova.
Serum sample of which cow were collected in different moments: first application of FSH, seventh application of FSH, eighth application of FSH and on the application of GnRH, for determination of the serum progesterone level. Serum progesterone level was assessed using radioimmunoassay (RIASiemens RIA TKPG5 kit -Siemens Healthcare Diagnostics inc. -London -United Kingdom).
The results of superstimulatory response, embryo recovery and progesterone level were assessed for normality by the Lilliefors test and homoscedasticity by Cochran test and analyzed by ANOVA and Duncan test at a significance level of 5%. The results of embryo quality were assessed by non-parametric Kruskal-Wallis test at a significance level of 5%. SAS Analysis Statistical Program ® v.9.2 (SAS Institute, Cary, NC, USA) was used as a tool for data analysis.
Results and Discussion
No significant differences (P > 0.05) were found between treatments on the number of follicles at follicular wave emergence, of follicles after superovulation, of non-ovulated follicles and corpus luteum at the time of embryo collection ( Table 1) .
The similarity between treatments in the number of follicles at wave emergence can be explained by the different exposures to progesterone did not have significant effect on the number of follicles. In general, Bos taurus and Bos indicus have different number of follicles (Baruselli et al., 2007) , where Bos indicus recruit a larger number of follicles than Bos taurus, as described by Carvalho et al. (2008) , probably because they had higher plasma IGF-I and lower concentrations of FSH (Alvarez et al., 2000; Bó et al., 2003) . The number of follicles obtained with Curraleiro Pé-duro cows resemble those obtained by Bó et al. (1996) studying crossbreed Hereford versus Angus heifers (14.6 ± 2.2) and Martins (2007) with Holstein cows (13.4 ± 1.4) and are smaller than those found by Carvalho (2004) in Gir (26.5 ± 3.1) and Nellore cows (39.7 ± 4.9), suggesting that Curraleiro Pé-duro cows have a number of follicles at the time of wave emergence similar to Bos taurus.
The number of follicles found after superovulation were similar between groups, possibly due to the use of the same dosis of FSHp (133 mg) and the similarity of the method of administration. The number of follicles after superovulation were 12.6 ± 6.2; 14.2 ± 7.4 and 15.8 ± 7.6 for Control, P24 and P36 treatments, respectively, suggesting that the superstimulatory response could be greater with a possible adjustment of the dosis used, as described by Nasser et al. (1996) and Nasser (2006) in Bos indicus (18.4 ± 3.4 and 23.0 ± 3.7, respectively) and Bó et al. (1996) in Bos taurus (18.6 ± 2.5). In general, there is a need to adapt dosages and protocols for superovulation in cows of locally adapted breeds, however, comparisons with commercial breeds may not be interesting, because these animals have undergone selection for fertility traits. Which did not occur with animals of adapted breeds?
The amount of non-ovulated follicles, of corpus luteum at the time of embryo collection, and ovulation rate were similar between treatments, possibly due to the utilization of the same dosis of FSH and to the ovulation induction with GnRH analogue, which has been performed at the same time in all experimental groups. The number of corpus luteum at the time of embryo collection, obtained in this experiment with Curraleiro Pé-duro cows were 11.3 ± 5.8; 12.3 ± 5.6 and 11.9 ± 5.4, respectively for the Control, P24 and P36 treatments. Suggest that the donors of this breed have a great potential for embryo production with an adequacy of superovulation protocols. Carvalho (2004) and Bó et al. (1996) , found 22.4 ± 0.5 and 16.6 ± 3.4 corpus luteum for Nelore and Angus x Hereford, respectively. The differences found may indicate that future adjustments in superovulation protocols and selection of Curraleiro Pé-duro cows for reproductive traits may increase the superovulatory response in these animals.
As for embryo production, the total number of structures was higher (P < 0.05) in cows superovulated with Protocol P24 than in cows superovulated with the tradicional protocol (Control) while the number of viable embryos was higher (P < 0.05) in P24 and P36 treatments than in the Control. There were no significant differences (P > 0.05) on the recovery rate, and on the number of freezable and unviable structures between treatments (Table 2) .
Different studies show different responses of embryo production when using P24 and P36 protocols for Bos taurus and Bos indicus (Barros et al., 2007; Baruselli et al., 2006; Martins et al., 2005; Martins, 2007) . Both P24 and P36 presented better results the control treatment, either statistically or numerically, showing that these protocols are able to produce greater quantity of embryos with higher quality in Curraleiro Pé-duro cows.
Embryo recovery rate were 48.8 ± 26.6%; 60.9 ± 30.5% and 58.2 ± 26.7% for Control, P24 and P36 treatments, respectively (P > 0.05). The low recovery rate of the Control treatment may have resulted in fewer total and viable structures on the animals of this group. Furthermore, the smallest amount of viable structures presented by the Control group may be related to the concentration of progesterone, supported only by corpus luteum formed in the pre-synchronization, unlike the P24 and P36 treatments that beyond of corpus luteum of the pre-synchronization, also had exogenous progesterone released by the device. As can be saw in Figure 2 , the progesterone level of P24 and P36 were greater (P < 0.05) than Control group due to the use of progesterone device. Progesterone levels decrease in seventh and eighth application of FSH for Control and P24 groups, which not occurred in P36 group (P < 0.05). Progesterone level on the application of GnRH presented low in all groups (P > 0.05). Table 1 :Average number of follicles at wave emergency, at the end of superovulation (SOV) and nonovulated, as well as number of corpus luteum at embryo collection obtained from Curraleiro Pé-duro cows submitted to traditional superstimulatory treatment (Control), and to progesterone devices removed at 24 (P24) and at 36 hours after the administration of PGF 2α (P36 Silva et al. (2002) showed the positive effect of the higher plasma progesterone level on the production and quality of embryos in Bos taurus. The increase in progesterone due to the presence of the implant can be the cause of cows superovulated with P24 and P36 have issued a better embryo production than cows superovulated with Control treatment. Moreover, Carvalho et al. (2008) when studying the effect of progesterone in a fixed-time artificial insemination (based on progesterone device) in Bos taurus, Bos indicus and Bos taurus x Bos indicus, observed that Bos indicus presented greater progesterone serum concentration than Bos taurus and crossbred animals. The authors argued that Bos indicus have lower speed to metabolize progesterone. Therefore, the more suitable protocol for Bos indicus would be P24, as these group keep higher progesterone levels for longer period, according to their metabolism, due to the anticipation in the removal of the progesterone device in these animals, allowing that pulses of LH remain frequent and do not hinder the development of follicles (Baruselli et al., 2007; Lafri et al., 2002) . On the other hand, the more suitable protocol for Bos taurus would be P36, since they present a higher metabolism, and are able to metabolize progesterone more rapidly. Thus, keeping the progesterone device longer, the influence of progesterone on the modulation of LH pulses was sufficient to prevent ovulation from occurring, before the fully maturation of follicle/oocyte (Barros and Nogueira, 2001 , Baruselli et al., 2007 Carvalho et al., 2008) . Therefore, as observed in this experiment, it is suggested that Curraleiro Pé-duro cows keep the LH pulses appropriately for final maturation of the follicle/oocyte with the delayed withdrawal of progesterone devices, since the progesterone level maintained higher for long time and occurred a significant improvement in embryo quality on the P36 treatment.
The qualities of the embryos as a whole (nonparametric Kruskal-Wallis test) were similar (P > 0.05) for all treatments (Figure 3) . However, the ratio between the number of viable and total embryos was 63.6% for the Control, 63.8% for P24 and 73.3% for P36 treatments, suggesting a possible beneficial effect of a longer exposure to progesterone on quality of the embryos produced by the Curraleiro Pé-duro cows, provided by a positive effect on the final maturation of the follicle/oocyte, like previously studied by Lafri et al. (2002) working with progesterone device based protocols, that observed a better embryo quality using long exposure of progesterone device, they discuss that the correct simulation of the luteolisys done with the device removal, do the correct modulation of the LH pulses. Fig. 1 : Superestimulatory treatments to which the Curraleiro Pé-duro cows were submitted: traditional superestimulatory treatment (Control), and to progesterone devices removed at 24 (P24) and at 36 hours after the administration of PGF 2α (P36).
*M, A -Morning and Afternoon.
Fig. 2:
Serum progesterone level (Ng/mL) at different moments of the protocol (first, seventh and eighth application of FSH and on the application of GnRH) in Curraleiro Pé-duro cows submitted to traditional superestimulatory treatment (Control), and to progesterone devices removed at 24 (P24) and at 36 hours after the administration of PGF 2α (P36).
A,B -Different letters in the same moment mean statistical significance (P < 0.05) for Duncan test.
Fig. 3:
Distribution of the quality of embryos collected from Curraleiro Pé-duro cows submitted to traditional superestimulatory treatment (Control), and to progesterone devices removed at 24 (P24) and at 36 hours after the administration of PGF 2α (P36).
Even through the Curraleiro Pé-duro cows are small frame animals, adapted to the dry tropical climate conditions , to heat stress (McManus et al., 2009 ) and dietary restriction, there was a similarity between treatments for all variables of superstimulatory response and improvement in the quantity and quality of embryos, as it happens with commercial breeds when using P24 and P36 protocols (Carvalho, 2004; Martins, 2007; Nasser et al., 1993; Nasser, 2006) . Thus, protocols developed for donors of commercial breeds may serve as a model for locally adapted breeds, requiring minimal adjustments to obtain a better response of these animals when submitted to programs of in vivo embryo production.
The use of exogenous progesterone in superovulatory protocols improved embryo quality and production of Curraleiro Pé-duro cows locally adapted to the Brazilian tropical dry climate. Its suggested the use of protocols with longer exposure of progesterone to carry out the enrichment of germplasm banks with embryos of the Curraleiro Pé-duro breed.
